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Abstract: The biologically-based soil phosphorus (BBP) fractionation method assesses soil P availability by

considering plant rhizosphere mediated P acquisition mechanisms: root interception, organic acid complexation,

enzyme hydrolysis and acidification caused by proton excretion, and is a convenient method to reflect soil P

status. This study examined the effects of straw incorporation and water management on biologically-based

soil P fractions and rice P uptake in a double rice cropping system in subtropical China. Four treatments were

set up, that was (i) no straw incorporation with intermittent irrigation (SOW1), (ii) rice straw incorporation

with intermittent irrigation (SIW1), (iii) no straw incorporation with continuous flooding (SOW2), and (iv)

straw incorporation with continuous flooding (SIW2). Four kinds of biologically-based soil P fractions were
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measured using the BBP fractionation method, which are the P fractions extracted by CaCl, solution
(CaCl,
solution (HCI—P).

contents of soil CaCl,—P, Enzyme—P, and Citrate—P, compared with the corresponding no straw incorporation

—DP), citric acid solution (Citrate—P), phytase and phosphatase solution (Enzyme—P), and HCI
The results showed that straw incorporation treatments significantly increased the
treatments, while continuous flooding increased CaCl,—P and Citrate—P, compared with intermittent irrigation
in the early rice season. Straw incorporation treatments significantly increased the contents of Enzyme—P
and Citrate—P, compared with the corresponding no straw incorporation treatments, and continuous flooding
increased CaCl,—P, compared with intermittent irrigation in the late rice. HCl-—P was reduced in rice straw
incorporation with intermittent irrigation and no straw incorporation with continuous flooding, compared with the
corresponding rice straw incorporation with continuous flooding and no straw incorporation with intermittent
irrigation, irrespective of the early and late rice season. The main sources of available P in paddy soil were
Enzyme—P and Citrate—P because of soil available P being positive correlation with Enzyme—P and
Citrate—P. Straw incorporation treatments significantly reduced rice grain P uptake, compared with the
corresponding no straw incorporation treatments in the early rice season, and the rice P uptake was the
lowest in straw incorporation with continuous flooding. In the late rice season, straw incorporation significantly
increased both grain and straw P uptake of rice, compared with the corresponding no straw incorporation
treatments, and water managements had no significantly difference in P uptake of rice. Except for HCI—DP,
soil biologically-based phosphorus was positively correlated with total P uptake, and was negative correlation
with total P uptake in the early rice season, while was positively correlated with rice P content in the late rice
season, Soil Citrate—P content was the second among the four kinds of BBP fractions (only lower than

HCIl—P), so Citrate

P availability and rice P utilization in the double rice cropping system.

P played a major role in rice P uptake. Straw incorporation is beneficial to improve soil

Keywords: straw incorporation; water management; biologically-based phosphorus; rice total phosphorus

uptake; rice phosphorus content
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FE R 7K 43 487 BG4 T G fuf 5 i - 38 28 ) 40PE B %
KR B WSO AN 1 3 R . AR SR AKHE ] 10350
i o 1 B A IR | R AT I8 O IS A TR B RE L
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FK 48 B R X2 A8 4 38 A ) A S0 R R AIE
K H 5K RE B 56 F L LAY Sk A HE B 2R i ROR)
Rt %,
1 ®R 505
1.1 iREHh

IR T WA KB4 1 A AU F
FH (28°33'04"N, 113°19'52"E) , i 4K 80 m, i [X Z4EF-
SR 17.5 C 4R H IBATE] 1 663 h, 4E 3K 2 1 330
mm, A TEREI 274 d. RIGRT H H3ERE TN AR A 2T
BRI HT 020 em #F2 LA 2E TR A BL
kit 18.9 g/keg, THER A it 1.78 g/kg, LB
e 0.57 g/kg, TIELM A& 31.7 g/kg, T IEHAL
B 11.1 mg/kg.pH(H,O) K 5.1,
1.2 KRB 5HZE

HHE] 3 30 JF 4R T 2012 AR AR 2R, R B 4 A4k
B (D FEFFA IS H (SOW 1) AN it Ak AR (1] 81 8K 5 (2)
FiFF e | (SIWD) , i I #5F & & 6 t/hm”, [H] 8L
5 O FEFFA L H (SOW2) AWt Ak AR L < 1 7K 5 (4)
FEFFIE H (STW2) , Jifi FH RS #F &2 6 t/hm®, 4 9 ¥
K. FEFFERHEAEE NP ALK 350 8 A 5 5 FF
A3 [ Ak B — 30, AR AR Fe A o S TR A B
i FF I FH A A0 55 43 o, W I R 22 308 T 1 % 7 2 5%
Iy E RN AL S R 395.2 g/kg, A AR 6.5 g/
kg, 2B & 1.8 g/kg, 2% i 23.4 g/kg. KL
e 5L 7 R e 25 T 7 L OND LR (P 43 1) 09
120,150 kg/hm® #l 17.5, 25.1 kg/hm?, ff 75 & 4
(K, O)TE R R AT 2= 100 kg/hm*, & HFS
FEE R B8/ X —ZR ORI A 2, LA T o 2 4%
PETFERIT R R REAE M FT YR 5~7 em KR )5
KRG RS AR Z Wi dae bR 6 a4 0 — YR HEF 4
BRZ L Bt AR E SR PR 2 CRA N 3D 3 B R 45 (LA
P i) MG (LL K. O i), 7 B A I fE 2. A
R4 5 ¢+ 5 e B4E by 3k AE A BB i L 38 BB 7E K A8 AR
KA BE R BRI 3 ¢ 2 B L B3 it . Tl R B A
A Ry B — IR it

I/ X3 R 2 A K o4 T 3 KM K A
LS e DR A 1 7RODR 2 B S SCHEIHT 1 R HE K s Tl ik
VEWE M AR A% GE A T K 43 A8 AR, 4 A S D (] UK
30 KL ARG HET /K I 10~ 15 K, 778 8 B 3 i )

A1 EHET K, AN S /N AR 35 m® (5 mX 7
m) B EEEE 3 W, /N X 22 ] K I B bR
TF a5 A LR A R AT .

7 JE FIAE AT A FH X A M B Y 5 e T B Y
AR AR B 9 7E 1 TR a2 AR B HE AT RO S 5 4F (2016
)TN 6 4F (2017 4F) FF RS AR 8 X S8 AR A
SO K K R B R WA AT . RS Y 4 A Ak B
(SOW1,SIW1,S0W2 H1 SIW2) 3 4B & & 7E 2012—
2015 4EARAbYE Bl 4351 4 0.55~0.57,0.52~0.54,0.52~
0.54,0.53~0.54 g/kg. HAbHE 2 i) + 38 4 5% 7 5 00 i %
55,2012 47 4% b 38 55 3 50 T A A b A i
I, DA 2013 AETFIR I B BEREAR L H 2013—2015 4F
HAEIE AR RBREGR D,

Rl 202—2015 X EEHESENEHTT

Bfi:g/kg
i3 2012 4F 2013 4F 2014 4¢ 2015 4F
SOW1  0.5740.01a 0.5470.01a 0.53£0.02a 0.54£0.03a
SOW2  0.5640.01a 0.5210.02a 0.5440.01a 0.5440.01a
SIWL  0.55£0.02a 0.52%0.01a 0.52£0.01a 0.54£0.01a
SIW2  0.5640.01a 0.53+0a 0.5240.01a 0.5340.01a

VE 2 ORI P 1 22 BB R R N R R
AN [R) Ab 3R] 2% 5 3 (P <<0.05)
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A B FERE AR AR T R 8 AR50 TF R I 2R 5 4R
(2016 4F) FIEE 6 45 (2017 4F) . A5 H 1 F:4 51
FEKFE LA TR AR B MU0/ X BEALE I 5 A4~ R
R CRERE LHEO—20 em) R EZ T LIRS 5]
MISEH 2, RREST AR 2 F853 : — PR A WTE 4 C vKAR , LA
&5 A BRI AL 4 SR 0 A sk R B A 1
FE 3 53— FAR AT BB A i 0, S IR AR A LA A A AL
e A A A X pH SR E . MRS S
- R i [ B SR A L B A 2K R AR i g A A
70 CHET FAEE, BEAE, S RARA . AR
Sy AT EHE R 2 ARG B ) o A 1
1.4 H&NE
1.4.1 BBP &ml & L3 4 A s R BBP ko™
S A WA R EREEAT 43 4% L B 0.01 mol/ L CaCl, ,0.02 EU
(BEEAAT ) / mL BV .0.01 mol/L Citrate (FF B IR) I8
K 1 mol/L HCl £ 10 mL 435I AZIZA 0.5 g i+ 11
B0 T AR 180 r/min (25 °C) & 3 h.4R
JEMW IR 1 mL 1.5 mL B0 ,25 °C 100 000 r/ min
B0 1 min, B S W VE W F B AR AR 5, Citrate—P Al
HCl—P & = fiod ke R LA gk b ok, 20
BEBFAR Y (Infinite M20, PRO, B +) 76 3 K 630 nm 4t
% CaCl,—P. Enzyme—P, Citrate—P Il HCl—P &
i, 0.02 EU/mL BERUZ i R M BRI (Sigma P3627;
Enzyme Commission Number 232 — 630 — 9) Fl ¥8 & [if
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(Sigma P1259; Enzyme Commission Number 3.1.3.26) 1
TR A5 VS L 11 T V5 A 1 A MLl 4 B 4 1 R A AR 3R
P o HLUR KA RS I8 19 6 % o L 3kt e A ML A1
G352 FCAILBE 52 o [) Ao ) P 22 9 1 Bk 4l 7K B2 U G
BUWE . T AR IR B AS B G W IR , i 2 I A 200 FH 3% AT
AEFENT 5 K (4 COBR L, FLAE A & a0 E , i
TFAEAGA S ZAIR T,
1.4.2 XAy ARz L HEIER L=
PR TS 2% LA )N £ 48 pH R pH 31
(PHS—3C, g Rk AR A ED W5 (oK el
1:2.5); R HEA#E (STP) R H A AL B 1E al . 1 3%k
W (SAP) K 0.5 mol/L NaHCO, (pH=28.5) 47
124, STP Al SAP ¥R I 4H 6 bt bb 0 ik, 28 41 v] W,
S3EEBETTAE 882 nm AL E (UV2600 HY, H A4S £ Ht
NEIAERAF L, Fi) . HHEEFSTNWER 1 ¢
10 i /i e F1 B3 R 490 Sk i AR 7] I HL, SO, T AR 45
1) U T 3% 22 3 30 43 B A 2 (FTAstar 5000
R R R AR A AL B

+ e A W) A W W (SMBP) R ] “ & 1) FE 75—
0.5 mol/L NaHCO, (pH=_8.5) 2 421" , R F 40 86 4t
Pb vk, 58 50 AT UL 43 0 ot BE I . [ B AR
KH, PO, 5 00 5 B 1) LR, DL B 2% 55 AN 2% 4
T 119 22 (B D IS L E BRI RSO3 5 B3k DA e 46 3 80 (0.45) 5k
S MBP, S W) A W) s B (SMIBC Rl SMBND
FIH A5 E2—0.5 mol/L K,SO, ¥ # g7,
SMBC & TOC H 843 #1 4% (Phoenix— 8000, H 4%
BEA A A BRAE L FEO M, SMBN FI % 22 i

SIATAGINE . DATE 75 5 AN TR ZE L RE A LB FLA
ZE 7 B LU e 2 80(0.45) K38 MBC # MBN,

TR B RS FF RO RL i & i S 5 (L ek ik
SRR R W H,SO,—H, O, & . HB B IL 6
e, AN O EE TN AE
1.5 HE\ESZItHH

I BE S 1R A Excel 2010 844 LA & Sigma-
plot 12.5 # {4 (Sigmaplot 12.5, California, USA){E
B, SPSS 19.0 # {4 (SPSS 19. 0, Chicago.
USA) B Z ANOVA 1% Duncan 3% (P <0.05)
XF A W AT M Wl AT S R 2 S T L AR A R
5K R w B 12 R OK R B W IR #E 4T Pearson AHOC 3
BT s DA ROBUR 35 25 43 W R FF 3 L K 43 A8 B4 5 3
Z (8 22 H AR I A= Wy A 3P B 5
2 R 50Wr
2.1 HHTHMKSEENHBHTEERNZ N

2% 4b BORE B 4 4 3 SOC, TN, TP, MBC,
MBN.MBP Fl SAP K& pH B 22 5 & 2 2 #r 0L 3%
2, FEFFIA HIALBE (STW1, STW2) 4 AH 1 By 5 FF K 38
AL P (SOW1, SOoW2) & 2 # i SOC., TN, MBC,
MBP il SAP. 84 i 435 10.2% ~19.2%.8.7% ~
16.4%,10.5% ~22.9%,7.4% ~18.3% Ml 8.5% ~
15.3 %0 s 6 FF 40 7 (] 8RR 2% 140 B 34 pHL, K0 M
KA T MBN, #5 #1368 H AR 8 n STP. #£7K 4
EI D5, ORI B A& R Ta) BCRE BEHS n SOC,
TN.MBC.MBP , K ] ¥ /K AL AE S FF 5% 28 B 1] i
BN TN F1 MBN,

x2 BHSHMASEERMNKEIEERAERBZMW

i FHLBE SOC/ 2% TN/ 28 TP/ HUEWRK MBC/ BUEWRA MBN/ BUEYRGE MBP/  #ALHE SAP/ o

(ge kg™ (gekg™ (gekg™ (mg* kg™ (mg* kg™ (mg* kg™ (mg* kg™
SOW1  19.040.5b 1.940c 0.56£0a 658.2+£17.4b 33.9%1.9b 23.0+1.6b 8.92£0.4b 5.22£0.02b
SIW1  21.0%+1.8a 2.0+0b 0.56+0a 727.4%26.0a 35.14+1.9b 24.740.9a 9.6£0.4a 5.4£0.13a
SOW2  17.040.5¢ 1.8+0d 0.55+0a 587.8£35.5¢ 33.6+1.8b 21.5+2.0c 8.51+0.5b 5.310.08ab
SIW2  21.440.7a 2.2+ 0a 0.56+0a 722.5+35.3a 38.2+1.7a 25.4%2.0a 9.840.8a 5.310.03ab

T R A IR R R R 0 04 (A AR HE 22 5 R B BRI AN ) /N B RS A () A ) 22 5 48 25 (P <C0.05) . Rl

2.2 FEFFEBEKS EIEXTEYE B A S BN

2.2.1 A ABMEBEAS  HAFZE,CaCl,—P.En-
zyme— P, Citrate—P 1 HCl—P % 1= 28 1k ¥ [ 4393l R
0.5~0.6,2.9~3.2,139.7~166.6,359.1 ~448.2 mg/kg([&l
1), FEFFA AL HE (STW, STW2) 5 H 0 156 FF oK 16 |
A H(SOW1, SOW2) & 2 34 il CaCl,— P, Enzyme— P,
Citrate—P, 3415 73 51 3% 9.6% ~11.6%,8.3% ~9.8%,
4.3%~T7.4%; WK R J7 22 40 Bt R W, B AR 38 | (S) %t
CaCl,—P.Enzyme—P # Citrate—P E.f i Z 50 (P <<
0.01)(F 3), FEFFid FALAER I K S5 44 35 m HCL—

P, B BRI S5 R RS FFAE THRRAK HCL— P, 7E/K 045 B
J5 3 1T A 3 v K A () BRORE E 2 ZE A CaCl,—P
Citrate— P, 3418 3B AT 35 6.7%6~8.6 % Fl 4.3% ~7.4%
1) B T 05 K I W /K 3% i Enzyme— P, 38§ g 9.6 % ~
11.6 %0 5 F%5 FF 18 B A5 A1 T 4 09 8 7K 4 1) i o 388 15
HCL— P, JCRS #F38 H 4% 4[] 8 B 34 m HCL-— P,
XUR R J5 22 4y Bt R WY, oK 43 8 8L (W) X CaClL,—P,
Citrate—P il HCl—P HEA B 3 5 W (P <{0.01) ; #
H(SX W) HAEM X Citrate—P 1 HCl—P HA %
R0 (P <<0.01 587 P<C0.001) (3 3),
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ol Sow1 S1W1 - ér Sow1 S1W1
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S0} @ 24t ¢
7 a = b —

z § —
@0.5 - a = 2 r —
N 14 —]
N & —]
® 0
&

~300 : 1000 :
"ap SOW1 S1W1 o~ SOW1 S1W1
. E= SoW2 S1W2 = | E=] Sow2 S1W2
& © ., 300 N
& 200 . g
& b = 600
g = g a b a a b a
B oot = § 400 e =
§ — W == =
b — & 200 - = =

— £H T — T —
o, 0 =1 g

& B e 7

VE P R /NS R R A TR 95 5 3 (P<C0.05), T,

B 1

i FH 2=, CaCl,—P. Enzyme—P. Citrate—P H
HCl—P &84k yw [ 43 5 8 0.9~1.1,3.7~4.2,
157.1~167.1 F1 362.8~452.1 mg/kg (& 1), FFF
I H AR FR (STW1, STW2) 541 R 1) F% FF A& 8 H Ab B
(SOW1.S0W2) & & ¥ I Enzyme—P, 3 IF ik 8.3% ~
9.1 % ; B FF ik MU AE < 3 i 7K 45 148 F 38 Jn Citrate—
P F1 HCL—P, [a] B Bt 2% 1 F 75 FF 8 H AR HCl—
P, BUR R J5 250t R W], F5FH8 H (S) X Enzyme—
P.Citrate—P Fl HCl—P B B % (P <0.01)
(£ 3>, TEIKATAE L7 25 T, 31 7K 3¢ ) B Tk

BHIEMKSEENEYARNERZASHZIN

FEBIAN CaCl,— P, 3l 43 5 7 35 7.9% ~13.0% 5
A W AR AAE TS FF 55 040 F B2 (] 9B R3S - Citrate—
P HI HCL—P, JC 5 #F i H 4 5 F [ 8 i 14
HCL— P [ B TR 1504 FF 4% 1 4 K 190 6 K 344
Enzyme—P, W &K J5 2 43 #r., K 53 & # (W) Xt
CaCl,—P.Enzyme—P fl HCl—P H £ ## 1 % ¥
(P<0.01) ; # FF & H F /K 5348 B (S X W) 22 B AE A%
CaCl,—P HI Citrate—P B i 3 52 i (P <C0.05) , 1]
% Enzyme—P Fl HCl—P B ) 5 % %0 (P <<0.01
5 P<C0.001) (% 3),

=24
2

R3I EPEHUBMRASWREFTH(S)MASEE (W) MEHNEEFTESH(F E)

CaCl,—P  Enzyme—P Citrate—P HCl—P CaCl,—P  Enzyme—P Citrate—P HCI—P

FEFF(S) 2797 19.1°° 37.1°° 3.1 3.7 41,077 25.27° 275"

K43 (W) 12,77 2.9 235.1° " 1257 92.6" " 17.3" " 1.3 38.3""
FEFF X K4 (SXW) 0.024 0.18 5.4° 1085 " 6.0" 125" 6.3 1024

e ¢ FR P<C0.05; * % FR P<L0.01; x % x FiR P<0.001,
2.2.2 AMAHMEEEL XREERGX R EHEY
A 3EWE (CaCl,—P., Enzyme—P, Citrate—P #1 HCl—
P) 5 & 3k 2% P 5 9 Pearson A & 40 A7 WL 3% 4.
CaCl,—P 5 MBN [ 2 1EAH G, AR M A 35,
Enzyme—P 5 MBC,MBP #il TN # 2 1E 4 56, H A3 4

KeMER %, Citrate—P 5 MBN fl pH 2 1 3 1F 4
o HARM AR R ZE . HC—P 5 TP % i ¢,
HAMHEMEARE ., SAP 5 Enzyme—P M Citrate—P
S EIEADC, RUIFH AR A T4
B R 5> ) Enzyme—P 1 Citrate—P,

R4 EHEYEREREAS 5 TBEUFERZ EE Pearson 18X 57
G iy MBC MBN MBP SOC TN TP SAP pH
CaCl,—P 0.096 0.606" 0.290 0.191 0.268 —0.553 0.281 0.401
Enzyme—P 0.890" 0.541 0.759" " 0.835"" 0.847" 0.371 0.761"" 0.294
Citrate—P 0.271 0.726" " 0.460 0.376 0.437 —0.403 0.579" 0.593"
HCl—P —0.180 0.275 —0.006 —0.096 —0.075 —0.661°  —0.083 0.240

o R P<L0.05; * = Fom P<<0.01,
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5 34 &

2.3 FEAFIE H K o B TR X oK 7 B R U A9 B2 M

2.3.1 KAEEEEeE BRI MW R R R
B AL 5 1.1~1.4,1.6~1.9,2.0~
2.3,3.1~3.3 g/kg(F 2a), FEFFiE HALFE(SIWI,
SIW2) B AH N 1 F FF oK 8 1AL 3 (SOW1,S0OW2) i
EWGIN TR BA R RS AT RORORL B S i 50 S 0 ik
16.9% ~35.0%,9.2% ~10.4%,8.6% ~13.6 % Al
4.5%~6.8% . K4 H 7T, K W K AL AE O A
FEIA H 2% A1 T 205 [i) o VB R IR T R R R A Y
Fili FF 25 0 1 A 18] R R e AT 1 B A Wl 5 o 5 T K 0
P HAE RS FE 55 1T X AR RS FF RO R 1 G

6 -
~ E Sow1 B S1wi
"o SOW2 m S1wW2
)
] 4r @ R ab a b ab
o~ r 1
I a =
bob?d S
g 2 r a bichd V=g’: ZE::::
I bzec 7 %E:’:‘ %E:’:‘
B HEBI HE HE
0 ER] HVEE FV R VR
izd g3 FEFF FF AL
50 r
P B ¥k B #F
‘% 40 F EE:3 o
<
. c) B
@30 b (©)
I
o L
= a be ab
e ik
B 10 | ey i E
[ qa -~ a [ a ——1a
0 T 8a, [P da, Eemdba,  bemed ba
SOW1 S1W1 SOW2 S1W2

] 5 7K 4345 BRAE TO RS A 25 0 T X RS AR RO R 5
R,

B R 2 L AR LB LR R RIORE R 2 ek AR Ak v L4 331
9 1.6~2.0,1.7~2.5,1.8~2.4,2.7~2.8 g/kg (A
2b) . FEFFE HALFE (SIW1 ., STW2) 48 A1 B A9 5 #F R
M AR (SOW1 ., SOW2) b 25 34 1 A L A% FF A kL
Wl 7 L, 38 W 0 )3k 29.6 96 ~38.0%6,10.2%~30.1%
F10.5%0~3.6 %0 s 15 FF 3 FAXAE < 3 K 45 44 °F 38
R P E RS A1 5 % Sk, [ 8RR R 2% 14 T R 8 1 R
I RR R O . AE K o B 07 20 T A B K AN AE
T FF 265 4 7 ¢ () B VB R 4 T AR | B RS FF e B

6 -
- B Sow1 B Siwi
e SOW2 m S1w2
-
a4 (b) B
~
] ¢ b 7] %
g 180 H B S
® 1B H B 4
0 1R EVEK 4
1 RAF
50 r
~ B g =T
% a0 - B m
4 (d) W
230 r ab
~ a
i} 20 | b ab
= wietete ],
T B e R L === P =
Pz b 7254 ¢ 7= be
o L_Immme , [fffe ., fmMe, e
SOW1 S1W1 Sow2 S1W2

2 BHIEMKSEELEBENKESSERKERREE

2.3.2  RBEEIOK  HFZE,SOWL,SIW1,SOW2 Fl
SIW2 Ab3 (1% 7K e B S W e 43 3l ok 23.4, 22,3, 22.7,
20.5 kg/hm” (&] 20, FEFFIA HALEE(SIW1,STW2) #4H
JO7 F RS FT R 346 420 B (SOW1, SOW2) i AR T /K R i
ek W S AR L Tl WA B, DR 43 31138 4.5 %6 ~ 9.6 26 I
9.9%~12.5% ., FE7K 538 BTy 1A 1 9 7K 5 (R] BROE
TBE 32 ZEREAIR T AR e Wl TR AL ARORF R W I A PR AR
WRERE 53 1 Ry 2.9 00 ~ 8.8 %6 Fl4.2 00~ 8.8 %0 » JU H & Fh
FFI8 H AR A I 7K 2% 1 71 32 ] o o R Sk 35 B IR T oK
TR Tl R M et AR Bl T WA

Wi AE 2=, SOW1,.S1W1,S0OW2 il SIW2 4b B K
B i 4 B 29.1,32.1,28.8,35.3 kg/hm? (&
2d), FEFFIA AL (STW1, STW2) 48 AH B AY 5 A1 R
A (SOW1, SOW2) & 2 34 1 7K A5 B s iz 1l
S FIORERL Wl WG S 3, 3 R 43 il 3k 10,206 ~22.5 % Fil
6.3% ~11.8% . £ /K43 B 7 1, A< 9 M 7K AN AE #
FF A5 1 T ¢ [i) V8 R 7K e ol G I S 38 9.0 %6, X
& WS AT FH R K 98 B X 0L R 0 B A e 8 i 1)

50 AN [] %ok B RS ol A A Ay 0 4 T R e e 2 I
BEIEHE,
24 HHTHMAKSEEZHTNEDERMERA

S EKBEBERKKX R

A7, CaCl,—P Ml Citrate—P 5K W & &
Wi 2 R A OGO 5K RS AR S R E R
FHK , Enzyme—P 5 /KRB 2R SR I 3 TG b 35 A0 G,
ERS O T S TR R A o
HCl—P 57K 78 8 2 0 Wi i DA K /K R il 7 4 G W
FEHLGER D,

M fH 25, Enzyme—P F Citrate—P 5 /K i # %
S R IE A 56, CaCl,—P M Citrate—P 5
IR R 2R ARG AF B S 1 2 0 3 B AH G, 1 Enzyme—
P A SR & i B E IEAROC . HCI—P 5K FE %
SR DL B OoK R S R C R A O (R 1), XK
B CaCl,—P.Enzyme—P 1 Citrate—P X} 7K & #
Wy 4E sk, o & Citrate—P fE LR S B 5,
AT IH Xk 7K e e W AT 7 B Rt B R (R 5)
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x5 BEBRFABLIEEVARNMEREKE LSBT EFBE D EH Pearson X 247

5 FLF W i
CaCl,—P  Enzyme—P Citrate—P HCI—P CaCl,—P  Enzyme—P  Citrate—P HCI—P
BRI R —0.700"" —0.384 —0.740" " —0.282 0.357 0.643" 0.795" 0.013
WAEBE &8 0.454 0.794** —0.158 —0.068 0.717"" 0.097 0.697 " 0.575
i E 0.8037° 0.797" " 0.579" —0.278 0.625" 0.341 0.766" * 0.249
RIS & 0.276 0.752" " —0.092 —0.230 0.160 0.621" 0.175 —0.565
e % FR P<C0.05; * % TR p<L0.01; M R & AR R B 2E 0 & 0 T3 (A,
3 Wi BN 1k 0 30 DL (Lo B Enzyme—P it
30 BHZERASSEREMEREBAsgE 0 AT SIGHE R
98 P -2 A R 5 AL 2 IR 0 A b4

G W Tk FEME T IR S A
IR A T BBP 126 0] 32 22 A= 9y 2% i FH 1 35 4k &)
R85 1Y £ B 2% TG B ST i 2R 4 O kL T B P
R AR A Py ) 4 Sl R A AR R RE A8 2 WLIT A
THERF B Z S A WA RS . AR R,
Fili A FH K o348 3 8 HE 22 [) 52 A 0 A= A Ao
## (CaCl,—P.Citrate—P .Enzyme—P fl HClI—P) &
BELmWCE 3,

KA G 5 RS FE R IR B L R AT IR
FH 25 48 v 0 A Wl AR LA R O A
T AT 25 A 5 6T A0 J5URT 0B B0 45 9% 00 o i A L HERE A%
0 TR AR B A2 I A R B AR R AR
AR TR Y AR 27 A R IR ) L L TR
£ R R AR T A LR & i T (H ) &Y
A HLER 8 5 BE A7 52 R AE L 5 B AL (HPO,® A
H,PO,* )38 % - HEJURE 2 THT A9 BB 7 0 B 32 52, A2
HE W BT RORL 1 8855 A T IEALUTYE ¥ b i JE AL
PEBE B, B Citrate—P & 2 390, 3 5 438 ] LU
PAE DRI AL B (H) Be 1S AL MEVS Y0 W B, D
HCLI—P & &30 ; B2 B 6 1k 1 398 b i A MLBE 3% 1k
Jg ML, B Enzyme—P & 275,

WEFE 0 4 A W K AE RS AR IR 4504 F L 4]
B TR 15 o - S 4 W R O RIORE 1) A VS K I [ B )
W R IE A A SR RO W K ) B
FOA R T 2250 PR FITEAE PR IG A0 A 2wk . X
ST R OK I RC , BRI O, UE YRR
filRE B R R AR A LR AN B (H D A 8] T
Ak BT HLEE L 8 Citrate—P #il HCl—P %
It e FH R A K 3 A 1 1 AR D L 7 (Eh
S X T P W IR Ak R (e’ ) 38 T Sk T 3 1 5 1R I
B(Fe™ '), flf + HEA A & &1 n, B CaCl,— P,
Citrate—P fl HCl—P. ABF5E S X LA 4 R — 2. A
WFFE 3, 5 00 T0 IE b A B, AT 38 5 3 4 v
T K AEAR PR RR B 1, HL ]8R K AWK SRR

BP0, - SRR 902k W B % CaCl— P En-
zyme—P il Citrate—P, R WX 3 F A= ) A 20 85 5 1
VR RBON Y KR A KT RS U E W 5 S R 40
LI REAR WA A Y R SMBP- L 5540 A
B s DAL - 598 25 W) A8 A58 ol - A A ) R A 5 AR
5T RS AR FH 55 R Xk 7 A T R i FHRR B 55 . 25 38 n
T SMBP, | CaCl,—P.,Enzyme—P # Citrate—P i 1%
e AEFF I H R A Py R AL T R A Rk IR R AR A
F TR W05 P 5 s 0 W R 1 A AL IR D A1 il
TR T B TR At ) 42 8 - 338 TG ML TR M e 0 AT BIL I P B 1
B L3, ffi 41 Citrate—P fl Enzyme—P 41, 1fi
H Citrate—P F 2K H T W B 205 3 55 ] 4 T ol
UUEYI (Al P Fe—P) Pl EHLIE MERET  pH 25 4L
0 25 B B R R A % Citrate—P,
HCI—P 5 STP £ i 3 7M1 R W STP & 12 i it
HCl—P & A —E &, WF% A1 6 1 H 1] o B 2% 14
TH KM #E KM, STP Tt B 3% 22 5, i @ 3 R AKX
HCI—P . (K 7Kk 0 &2 35 3 m HCL—P,
3.2 T EAYAE BT E P B R A &
CaCl,—P & REAE H AR 28 T 45 U RR 19 B i P i
W BT 1) TCATL B8 o B8 o A ) R SR G 5 KR AR (B
FLURE 2 FORS AR & & 5 W3 IR AR OC (2 LI Wb
XER W S K. Enzyme P 5L REAR | F5 FF A1
FERL T B 52 0 TE AR OC T A M R R ORL B 5 e
W FEIEASE, Enzyme P 2BERR#0 1k 19 A HLIG 1
W8« By 2 T STl TR Tl 0% P 1100 5 o T W TR G 9% Y B 2
pH Ik B FIK 43 55 SR I 7 1 5 L
WP X o & B s T CaCl,—P, Citrate—P 5
KRR AL R A8 22D FIRS AT 10 e 35 i 52 TR ARG, Xt
TR AR Z AN B o W R B AR A LR L T AL
1 AL (Citrate—P) RN 5 53 —Jr 17, AR B JA] LA
RO ol 5 1 00 R Kl R TR O R A 0 A AR AR AR
XA W) A SPE B (CaCl,—P. Enzyme—P. Citrate—
P) Wi, 1 € Citrate—P F 28 &, LK T
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HCL—P & dt, gl 9 W e i) 2 488 v o ke A7 90 Wl 25 WL
W sEEk A K. HCL—P 2 1 mol/L HCl 2421
W . i HCL W0k B4 38 =5 T F 400 R0 A 26 400 43 6 1 I
TR EE L T F R AR SO 42 AR 28 R Ak A 900 43 6 1) o -3
b B e K T AL P2 , 7 R Pk 4 8 (An 21 18) v = R L
VA 5 A W L 2R B 1 A K A 3 v T2 AR R K A 7
B AT HCL—P 5 K R 9 5 4k 0K R o
W M AR E . 25 ik, CaCl,—P . Enzyme—
P f Citrate—P XF 7K F B e 3 2 4E H . H Citrate—
P & B, R K Rl e 2 DUk .

ABEGE K B, R 2 RS AT I8 B AL BE (STW1 A
SIW2) 5 FHXF 1 1) Jo s #1 i6 FH 4b 3 (SOW1 FiT SOW2)
AHECAE, B RRAR 7K R B R Sl U R K
TR SAE T AT 18 T Ak B K RS Bl 28 W A i A AR
(F 1oy, XJEm PR S C/N A5 . A %R
FIHA B8R P A A A T DA A v i R A TR AL
A BEAR T e A W i IR AURE ) BRI RO B
AR S TR A 0 AR G T % e R L K T BB
AL R EOKRE A AE K 2818 SO RS FF A b
T KRS A= W (STWT F SIW2 kb4 5] 4 8.6,
7.9 t/hm?) & K T A X 8 A9 B FF R I8 AL PR
(SOW1 F1 SOW2 4bH#43518 9.5,9.4 t/hm*) . i T 7K
e e 2 W A 3 A2 K R B A R (R B T RS A A
A 3 At 2 o K e S R I A i, I LR AR A A A
KR K ST S KR B R W it 5 AR (B 1o, (G
FFi& H AL 3 B R 7 3 B i CaCl,—P M
Citrate—P 5K FE#E R Bkl & B # ke,

G A 2 , G AT 38 AL B (STW Al STW2) 5 A7 Xt
o7 B9 TC R KT8 T AL B (SOW 1 A SOW2) A T &, 1 %
B IR FE#E 2 B, JC R KK &N L B
FFI& AL S K Rl 3R R e v (81 1D . XU
T ARG G A A FH A0 19+ 48 b A7 A R R R 2R R
7T A4 A B R EL AT o P 8 A e /K
PR SRR R ARG 0, B 2R 0 AR W A e A K B
W R FOKREE R, RS FFIE HAL R OK ARG A )
(SIW1 #1 SIW2 4b B35 2 14.3,14.2 t/hm*) .35
1o T RE G IO ) S T R I8 FH AR B (SOWTT AT SOW 2 4b #E
43R 13.7.13.2 t/hm?) L 7K A5 B 28 W S Jk o B 5 14
s JGH A AT 38 T AE K 30 W K 2% 1 KR 8 2% Wik
e (F1d).,

T AT a6 F AL 38 (STW1 FT STW2 4 B (1) 7K F8 W 4F
W W43 0 A 54.4,55.8 kg/hm?) 5 AR X R B JC RS FT
i FH AL BE(SOW T AT SOW 2 kb B 14 7K 5 e 4F W i 2 43
B4 52.5,51.5 kg/hm” ) A HCER L I 2 38 Jin /K Re e 41 IR i

It (H K 3 BT RE AT 34 F 2R 0T K Al 3R A Wit 52

WA S22 . 3K R B RS A4 F AL B, TG 18 J2 () B I A4 2

IR S AT 55 AH X W A AR A Ak A LA, 1

el EIR SRR AR H - L EER, HfcH

SR NE U s £ T e, e R R R AR S B AR RS AT

PEERFFH S BEAR T BEAS AT WO 1M 28 AR A S R G

WA 2 1 XU S A5 ) Tl PT R 82 e

4 &5
XL ZE A F RS AT 34 TG ) A T8 2 40 e 7K 34

15 3 Citrate—P #1 Enzyme—P, 1 £ 1 ¥ /K i

F) K HE W E B4R R CaCl,— P, + HEA 8B

(SAP) 5 Enzyme P fll Citrate P i 3 1E A &, £

ARG A 2B £ 2R JE T Enzyme—P A1 Citrate—

P, FLAEZERG AT 0 b 35 R N Y B A oA E 1AL 3

HH At 25 8 A R R Rl A W A 5 T R A U A

B Fi A FH A B K R F s RS A 8l W i it v T A A

AL H AL PR, oK 548 SRR AN . AR WA R

(B HCl—PAP) SKFEm S 2 R FIEMHX. 5

TR Wi S W W B DG, T 5 R R S W i TE A

%, FEH 13 Citrate—P & 2{UIK T HCl—P, &8
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F G T i 55 A0 T sl T e, A5 R T 4t i R R A

RV K i 2 A
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